SUMMARY. Full sun trial gardens were established at two sites in northern Florida. Six U.S. native and three non-native warm season grass species were evaluated in a split-plot design. Only eastern gamagrass (Tripsacum dactyloides), elliott's lovegrass (Eragrostis elliottii), gulf hairawn muhly (Muhlenbergia capillaris), little bluestem (Schizachyrium scoparium), and 'Central Park' maiden grass (Miscanthus sinensis) showed a significant response to supplemental irrigation or fertilization. Supplemental irrigation did not influence foliage height for any of the grasses, whereas supplemental fertilization influenced foliage height only for chinese fountain grass (Pennisetum alopecuroides). The response differences between locations were attributed in part to soil types. This study observed minimal or no response of shoot growth to supplemental irrigation or fertilization for the grass species tested, thereby affirming the broad adaptability and minimal need for inputs for these ornamental landscape plants.
O rnamental grasses have been increasing in popularity for a number of years. These grasses originate from a wide range of habitats (Davidson and Gobin, 1998; Greenlee, 1992) . The growth of grasses may be influenced greatly by the addition of water, and grasses such as gulf hairawn muhly or maiden grass need little or no supplemental irrigation once they are established (Thetford et al., 2009 ). Kochsiek et al. (2006) investigated the ecophysiological responses of little bluestem to both water and nitrogen in sandy soils of the Great Plains and concluded that little bluestem would likely respond positively to fertilization under moderate drought stress. They also concluded that little bluestem would also likely be able to take advantage of increases in precipitation but a concurrent increase in fertilization would probably not provide any competitive advantage to this species. The challenge for the landscape manager is the need to strike a balance between adequate irrigation and fertility without over or under application. Although grasses may respond to supplemental irrigation and fertility with increased vigor and size, an excess of water and nutrients may produce weak foliage and inflorescences that will lodge (M. Thetford, unpublished) . Information is needed to better understand the landscape performance of ornamental grasses under a variety of landscape management levels using both irrigation and organic and synthetic fertilizers.
The objectives of this work were to evaluate effects of supplemental irrigation and fertilization on the landscape performance of nine ornamental grasses and to determine if fertilizer formulation (organic vs. synthetic) affected plant growth.
Materials and methods

SITES.
Full sun trial gardens were established at two sites in northern Florida: 1) Gadsden County (GC) [North Florida Research and Education Center, Quincy, FL; lat. 30°32.873 (Knox et al., 2002) . The nine grass species were randomly assigned to each of the irrigation/fertilization plots. Fire ant (Solenopsis spp.) control was achieved with applications of granular ant bait (Hydramethylnon; BASF Australia, Baulkham Hills, Australia), and weeds between plots were managed with glyphosate. No pesticides were applied within the plots and weeds were removed by hand weeding as needed. Each October foliage and inflorescence height (from soil level), foliage width (widest point), and basal width at ground level were measured (all in centimeters). Foliage and basal widths represent the average of two measurements per plant (the widest point and width perpendicular to the widest point). An overall visual rating was also applied each summer to assess observed visual quality: (5 = exceptionalpremium color and form, extremely healthy and vigorous; 4 = goodgood quality, very acceptable, minor flaws, nice color without yellowing, good form, healthy and vigorous; 3 = fair-marginally acceptable, somewhat desirable form and color, moderately healthy; 2 = poor-not acceptable, sparse/uneven form, severe leaf necrosis or yellowing, unhealthy appearance; 1 = not acceptable-plant dead or nearly so with unhealthy appearance). The experiment continued for two growing seasons (18 months).
Daily rainfall and mean maximum and minimum temperatures data were recorded by the Florida Automated Weather Network monitoring stations at the sites in GC (lat. 30°32.749'N, long. 84°35.939'W) and in SRC (lat. 30°47.0'N, long. 87°13.0'W).
Data were analyzed using mixed model methods. The random effects were blocks-within-sites. The fixed effects were sites. Means were separated using least squares means (with PDIFF option) as part of the mixed model analyses in SAS (version 8.01; SAS Institute, Cary, NC). Probability values were adjusted using the Bonferroni method. Strong effects of location and year were evident hence each location and year were treated as separate experiments and analyzed for effects of irrigation and fertilization. Significant differences and accompanying means are presented only in the text when practical or are presented in table format along with probability values where significant interactions were present among main effects. Where significant differences are noted without accompanying probability values significance was confirmed at or below an alpha level of 5%.
Results and discussion
RAINFALL. Mean monthly rainfall for both sites was generally below the 30-year normal for most months of the experimental period ( Fig. 1 ). There were only 6 months where rainfall met or exceeded normal for SRC and 8 months where rainfall met or exceeded normal for GC. Overall mean maximum temperatures for the trial period were generally higher than normal, whereas mean minimum temperatures were generally lower than normal (Fig. 2) .
On the basis of significant responses of measured growth parameters (foliage height, foliage width, basal area, flower height) supplemental irrigation and fertilization influenced plant growth for five of the nine species tested. Details of landscape performance, including plant survival and visual quality ratings are detailed below for each species.
Eastern gamagrass is a bunch grass native to the eastern United States and is best adapted to wet habitats (Henson and Fenchel, 2007) . All plants survived the trial period (Tables 1 and 2). For plants in GC foliage height was greater with supplemental irrigation but only at the end of the first growing season. Although basal area was similar for the two sites by year 2, GC basal area for plants fertilized with organic fertilizer was smaller than those fertilized with synthetic fertilizers in year 1. Eastern gamagrass performed well as a landscape plant both with and without supplemental irrigation and maintained an above average visual rating score (4.6) indicating high quality, healthy plants with good form and color regardless of fertilizer or irrigation treatment. The occasional inflorescences reached an average height of 84 cm although flowering was not consistent for this species with plants in SRC producing inflorescences both years (56% in 2005, 39% in 2006) and plants in GC producing inflorescences only in 2005 (89%).
Survival of elliott's lovegrass averaged 95% (SRC) and 100% (GC) in 2006 and plants generally increased in size in GC over time, whereas plant size in SRC decreased (Table 1) . Supplemental irrigation influenced foliage height and flower heights in 2005. In GC, both foliage heights and flower heights were greater with supplemental irrigation in 2005, whereas no differences were evident by 2006. In SRC, foliage height was influenced both by irrigation and fertilizer source where no differences in foliage height were evident among plants receiving supplemental irrigation and without supplemental irrigation; fertilization with organic fertilizer (95 cm) resulted in taller plants compared with plants fertilized with synthetic fertilizer (74 cm). Foliage height of nonfertilized, nonirrigated plants (84 cm) did not differ from height of nonirrigated plants receiving supplemental fertilizer (68 cm). Foliage width and flower heights were greater for nonirrigated plants in 2005, whereas no differences were evident in 2006.
Visual ratings reflected the differences in plant height and width and suggest plants in SRC performed best in 2005 with a rating of exceptional (4.9), but quality declined to good by 2006 (3.4) similar to ratings of plants in GC (3. 3) (data not shown). Gann et al. (2008) described elliot's lovegrass as a species occurring on moist to wet, well-drained or occasionally inundated freshwater or brackish soils and noted the species has low nutritional requirements and grows in nutrient poor soils. These results suggest that despite widespread occurrence of this species, particularly in areas of nutrient poor soils, the supplemental irrigation applied in this test was not sufficient to enhance plant growth or visual quality. Similarly, application of supplemental fertilization did not result in significant increases in plant size or performance. The greater foliage and flower heights evident with supplemental irrigation in GC may reflect the lower clay content of the GC soil with the higher clay content of the SRC soil resulting in a more even soil moisture between rain and watering events.
'Hameln' chinese fountain grass did not survive both seasons of the trial, concurring with other Florida studies (Thetford et al., 2009; Wilson and Knox, 2009 , and foliage width 49 cm. All surviving plants flowered in 2005 and the mean flower height averaged 45 cm. Visual ratings were higher in SRC than GC at the end of 2005 because several plants had died and were not considered in the visual ratings (data not shown). Survival in SRC averaged 83% with a visual rating of 3.7, whereas survival in GC averaged 94% with a visual rating of 2.1. Wilson and Knox (2009) noted that visual quality of chinese fountain grass and its cultivars generally declined in October without resuming growth through May. This species has consistently performed well for only a single growing season in northern Florida (Wilson and Knox, 2009 ) and has been recommended as a short-term perennial for low-input landscapes (Thetford et al., 2009) . Neither fertilization and/or irrigation at the rates within this trial could overcome the consistent mortality occurring after the first growing season.
Gulf hairawn muhly survival averaged 93% overall although some plants died at both sites within both irrigated and nonirrigated plots (Table 1). By 2006, survival for plants in SRC receiving supplemental irrigation (78%) was lower than survival of nonirrigated treatments (89% to 100%). Gulf hairawn muhly is a facultative upland plant in the southeastern United States usually occurring in nonwetlands (estimated probability 67% to 99%), but occasionally found on wetlands (estimated probability 1% to 33%) (Kirk and Belt, 2010) . Survival in the present trial was similar to work of Robinson and Schultz (1994) who achieved 85% survival in parking lot plantings after a 6-month establishment period where plants were watered weekly.
Plants in SRC showed a greater foliage width in response to addition of organic fertilizer in 2005, but an interaction of irrigation and fertilizer effects was evident for foliage height, basal area, and flower height (Table  1) . Basal area increased to a mean of Means within a species and column followed by the same letter do not differ (Bonferroni, alpha = 0.05); NS = not significant.
• August 2011 21 (4) 0.16 m 2 by the end of the second season with a mean foliage width of 126 cm and a mean foliage height of 66.4 cm in SRC. Plants in GC receiving supplemental irrigation had greater foliage width and basal area compared with plants receiving no supplemental irrigation in 2005. However, by the end of 2006 no differences were evident among irrigated and nonirrigated plants within each site, and plants in GC were generally larger than plants in SRC. Regardless of the differences in foliage width and flower height, visual rating scores were consistently high with a mean rating of 4.2 in 2006 indicating plants were of good to exceptional quality with nice form and color. The consistent high quality and high survival of this species concurs with prior investigations under conditions of natural rainfall over a 3-year period in Leon County, FL (LC) and SRC (Thetford et al., 2009) .
'Adagio' maiden grass survival averaged 100% throughout the experiment. Supplemental irrigation and fertilization did not improve growth or performance. By the end of the second growing season plants had a mean foliage height of 87.7 cm, foliage width of 179 cm, and flower height averaged 146.8 cm. There were no differences in visual ratings among the plants in response to irrigation or fertilization treatments. Plants in GC were initially rated higher than plants in SRC in 2005 although rating scores were similar among plants at both locations thereafter with a mean rating of 4.8 (data not shown).
'Central Park' maiden grass survival averaged 100% (data not shown) and there were no differences noted in foliage width (204 cm) or flower height (197 cm) regardless of location, irrigation or fertilization treatments (Table  1) . No differences in foliage height were evident by 2006 although foliage height for plants in SRC was initially greater in 2005 for plants receiving supplemental irrigation. Basal area did not differ in SRC, whereas in GC plants receiving supplemental irrigation had greater basal area both years. Among all plants the mean visual quality rating averaged 4.5 indicating good to exceptional quality with plants in very acceptable condition, concurring with other Florida studies (Wilson and Knox, 2006) .
The good to exceptional visual quality of these two maiden grass y Organic = 5N-0.9P-3.3K at 85.5 g/plant; synthetic = 18N-2.6P-9.9K, 8-9 month release at 47.5 g/plant; 1 g = 0.0353 oz.
x 5 = exceptional-premium color and form, extremely healthy and vigorous; 4 = good-good quality, very acceptable, minor flaws, nice color without yellowing, good form, healthy and vigorous; 3 = fair-marginally acceptable, somewhat desirable form and color, moderately healthy; 2 = poor-not acceptable, sparse/uneven form, severe leaf necrosis or yellowing, unhealthy appearance; 1 = not acceptable-plant dead or nearly so with unhealthy appearance.
w Means within a species and column followed by the same letter do not differ (Bonferroni; alpha=0.05); NS = not significant.
cultivars can be compared with growth and performance of other maiden grass cultivars within the same areas of Florida. Maiden grass evaluated in LC and SRC on similar Orangeburg sandy loam soils all performed better in SRC than in LC in the absence of supplemental irrigation (Thetford et al., 2009 ). Wilson and Knox (2006) grew maiden grass cultivars with subirrigation in southern Florida or drip irrigation in northern Florida (GC) and identified 'Adagio' and 'Central Park' as cultivars with good to excellent quality (plant color and form) although 'Central Park' had a narrower window of peak performance. Wilson and Knox (2006) also noted that maiden grass cultivars generally were larger in northern Florida than in southern Florida, produced more flowers and suggested such differences are related to the genus being better adapted to temperate rather than tropical climates. In the current trial, both locations are within a humid subtropical climate and temperatures for GC and SRC were relatively similar (Fig. 2) . The lack of response to irrigation and nitrogen treatments was somewhat surprising since dry weight of maiden grass (Miscanthus ·giganteus) grown as a biomass crop has been shown to increase with nitrogen and irrigation (Ercoli et al., 1999) . Nitrogen was more limiting to growth than water; even with irrigation growth was limited unless nitrogen was readily available. Little bluestem survival averaged 86% in 2005 and 61% in 2006 (data not shown) . Foliage height (23 cm) and flower height did not differ either year and differences in foliage width and basal area were evident in 2006 (Table 1 ). In SRC foliage width was influenced by fertilization and there was a fertilizer and irrigation interaction in 2006. With the addition of irrigation there was no difference in foliage width among fertilization treatments, whereas without supplemental irrigation foliage width of plants receiving organic fertilizer was greater than synthetic fertilizer. For basal area in 2006, there was no effect of irrigation but a significant effect of fertilizer where basal area for plants receiving organic or synthetic fertilizer differed (P = 0.0260) from each other but neither of these differed from plants receiving no fertilizer. In GC foliage, width and basal area generally increased over time although no differences were evident in response to fertilizer or irrigation. Despite the similarity in plant size at the two locations visual ratings for little bluestem were only fair (marginally acceptable) (3.0) in year 1 and by year 2 were rated as poor (2.6) with plants in GC rated lower than plants in SRC (Data not shown).
The lack of response of little bluestem to irrigation and fertilization was surprising considering the previous work by Kochsiek et al. (2006) . Kochsiek et al. demonstrated that little bluestem responded positively to watering, but concluded a concurrent increase in fertilization would probably not provide any competitive advantage to this species. Under the conditions of our trials little bluestem did not show clear increases in growth in response to supplemental irrigation or fertilizer.
'Prairie Sky' switchgrass survival was not influenced by fertilization, irrigation, or planting location and overall survival averaged 97% (data not shown). Foliage height and width and flower height did not differ in response to supplemental fertilization or irrigation (Table 1) . However, differences in plant size and quality were evident between the two planting locations. Plants located in SRC had greater foliage height, foliage width, basal area, and inflorescence heights than plants in GC. Plants in SRC did show an interaction between fertilizer and irrigation in 2006 where plants receiving no fertilizer had a greater basal area with the addition of irrigation, but plants receiving fertilizer did not differ from those without fertilizer regardless of the addition of irrigation (Table 1) . Visual ratings of 'Prairie Sky' switchgrass were below average in GC and above average in SRC although scores within a location did not differ significantly over the 2-year period (data not shown). Visual rating scores in GC decreased (reduced visual quality) (1.8 vs. 1.4), whereas visual rating scores in SRC increased (improved visual quality) (4.3 vs. 4.7) between 2005 and 2006.
Survival of red switchgrass averaged 97% over the 2-year study (Table  2) . Within each location foliage width did not differ significantly over time with a mean foliage width of 128 cm in SRC and 87 cm in GC. Although overall differences in plant height and width were evident, all surviving plants produced inflorescences of similar height (113 cm). The visual rating for this species remained above average for plants in SRC (5.0), whereas the visual appearance of the plants in GC was fair in 2005 (3.4) when ratings for plants receiving irrigation were greater than for nonirrigated plants, but was below average in 2006 (1.3) regardless of irrigation or fertilizer treatments (Table 2) .
Other studies have examined switchgrass biomass for feedstock production and shown an increased yield of biomass with increasing nitrogen rates up to 3 lb/1000 ft 2 applied in the spring (Madakadze et al., 1999) or at 3.4 lb/1000 ft 2 applied in April and June the following year (Muir et al., 2001) although no information on the visual quality of the crop was available. This pasture based work used different cultivars (Cave-in-Rock, Pathfinder, Sunburst, and Alamo) and is in contrast with this study and additional work conducted in simulated landscapes, which was more similar to our results. Proctor (2006) evaluated growth of 'Shenandoah' switchgrass in response to nitrogen rate and timing of application and reported no effect on growth index, top dry weight, visual evaluations, or initiation of flowering over a 2-year period. Proctor reported a substantial increase in top dry weight between the two growing seasons of the experiment indicating sufficient nitrogen was available in the soil. The response of basal area of plants in SRC to both irrigation and fertilization in 2006 suggests that irrigation alone was sufficient to improve basal area, but where irrigation is absent potential exists to improve plant growth with the application of supplemental fertilizer.
Conclusions
Eastern gamagrass, elliott's lovegrass, gulf hairawn muhly, little bluestem, and 'Central Park' maiden grass showed a significant response to supplemental irrigation or fertilization. Supplemental irrigation did not influence foliage height for any of the grasses, whereas supplemental fertilization influenced foliage height only
• August 2011 21 (4) for chinese fountain grass. The differences noted between the two locations may be attributed in part to the differing soil types of the two sites. Generally soils of the two sites are described similarly as very deep, welldrained, with a moderate permeability. However the depth of the loamy sand for the Norfolk soil (A and E horizons) of GC is twice that of the Orangeburg soil (Ap horizon) of SRC, which also has a shallower B horizon with a higher clay content than the Norfolk soil. The deeper layer of loamy sand and deeper occurrence of the underlying loam and clay components would allow a greater drying of soil within the root zone of the grasses planted at GC compared with SRC. Soils of GC would have the potential to drain and dry more quickly between irrigation and rain events than soils of SRC which have loam and clay components located closer to the soil surface.
Previous ornamental and native grass landscape performance trials have demonstrated the potential to identify species or cultivars with a high level of survival and acceptable visual quality over a 3-year period without supplemental fertilizer or water (Thetford et al., 2009 ). This study observed minimal or no response of shoot growth to supplemental irrigation or fertilization for the grass species tested, thereby affirming broad adaptability and minimal need for inputs for these ornamental landscape plants. This study found a high level of survival and acceptable visual quality (mean rating of 3 or more) after two seasons for eastern gamagrass, elliot's lovegrass, gulf hairawn muhly, and 'Adagio' and 'Central Park' maiden grass in both sites and little bluestem and 'Prairie Sky' and red switchgrass in SRC. 'Hameln' chinese fountain grass was not an acceptable perennial in either site.
